When the spacecraft is moving at high speed, the signal obtained by the control station always exists Doppler shift, which is reflected in the DQPSK signal. In order to make the digital signal demodulate the correct information, this paper analyzes the influence of Doppler on demodulation, and studies the modified Doppler method based on DSTFT to ensure that Doppler interference does not interfere with the normal demodulation. Introduction DQPSK signal demodulation, coherent demodulation to restore the same frequency in-phase carrier as the goal, the research focused on the carrier recovery algorithm, including carrier closed-loop recovery algorithm and open-loop recovery algorithm. Closed-loop recovery algorithm often uses digital phase-locked loop to achieve the carrier capture and tracking, such as loose tail carrier synchronization technology, based on DDS to achieve digital phase-locked loop carrier synchronization, Costas ring. In the area of non-coherent demodulation, the focus of attention in recent years has focused on high-performance differential demodulation. But no matter what demodulation method, have to go through Doppler correction, so as to demodulate the correct data.
The Fourier transform of the signal x (n) is a continuous function of w, and as long as a given w is given, X (w) can be calculated. (1) is transformed into a discrete Fourier transform according to the nature of the circular convolution: 
It can be seen that Eq. (2) is exactly the result of equal interval discretization of equation (1) , and k can take any consecutive value from 0 to (N-1), not just integer values. In this way, we can obtain the continuous value to obtain the corresponding DFT value of any frequency value, in order to eliminate the fence effect.
Therefore, for DSTFT demodulation, if the carrier frequency is known, the Fourier transform of the frequency point can be directly calculated and the phase of the DFT value corresponding to this frequency point can be obtained. This can be a small amount of computation, but also can get a higher frequency resolution. In addition, the direct-signal single-frequency Fourier transform also has the advantage that the number of signal samples for DFT operation can be any value, without having to be an integer power of 2 as in the FFT. Therefore, when the length M of the DSTFT calculation data window is determined, the number of arithmetic points N of the Fourier transform is equal to M, and it is not necessary to perform the zero padding process.
Effect of Doppler Shift on Demodulation
Assuming that there is a Doppler frequency offset, the π / 4-DQPSK signal is expressed as:
According to the demodulation principle of DSTFT, a fixed-length sliding window is designed. From the first sampling point of the signal sequence, the data is truncated to do single-frequency DFT operation, and then the differential phase is calculated. In this process involves the central frequency of the two links, one is the single-frequency DFT operation, and the other is the differential phase calculation, which is the Doppler shift will have an impact on the algorithm lies. The errors caused by the DSTFT demodulation when there is a Doppler shift are deduced from the formula.
The single-frequency DFT calculates only the Fourier transform of , and the center frequency of the carrier at this time should be adjusted to f = fc + fd due to Doppler. By the phase resolution formula available, when there is Doppler frequency shift, if still with the original carrier frequency to calculate the single-frequency DFT will cause the phase error is:
The phase difference between symbols is:
And if we still use a fixed carrier frequency to calculate the differential phase sequence, it will cause the error:
Therefore, the maximum differential phase error due to Doppler is:
The difference phase error may lead to miscarriage of justice. Since the minimum phase error caused by misjudgment is π / 4, it is assumed that 4 π ϕ ∆ = and the relevant parameter is substituted into equation (7) for calculation. The Doppler at the time of correct demodulation under the actual data index can be obtained. In other words, theoretically, the DSTFT demodulation is performed using a generalized cosine window of length 8 (one carrier period) for the signal (no noise) of the actual data in the task if there is a Doppler shift, it will not produce errors, the conclusion has been confirmed by computer simulation. Conversely, if the Doppler shift is outside this range, appropriate corrections are required.
Correction of Doppler Shift
There are many ways to correct the Doppler shift, and for the demodulation of the DQPSK signal, the Doppler shift is mainly reflected in the estimation of the carrier frequency, which can be converted into a single carrier frequency signal of the frequency measurement. Frequency measurement methods are many, high-precision frequency measurement results is endless. As the DSTFT demodulation algorithm itself allows a certain range of Doppler frequency shift exists, and taking into account the problem of system efficiency, a signal frequency estimation algorithm is designed. When the range of Doppler frequency shift is known, or the frequency shift measurement accuracy is also required, the center frequency of the signal can be estimated by DSTFT operation. Assuming x(n) is a signal with a single frequency, DSTFT transforms the signal x(n) according to the relevant definition, the search range of the set frequency and the search frequency step:
In formula,
∆ + , M is the window length when the frequency is searched.
According to formula (8) , for each frequency, a DFT amplitude sequence can be obtained, the average value of the sequence as the frequency of the DFT amplitude, then the maximum value of the corresponding frequency is the signal x (n) frequency.
According to different SNR conditions, Figure 1 shows the normalized mean square error using rectangular window. The signal parameters are carrier frequency 2.1MHz, sampling rate 16Msps, code rate 1.536Mbps, window length M is 10, 15 and 20 sampling points.
Normalized mean square error
Normalized SNR (dB) Length M=10 Length M=15 Length M=20 Figure 1 . DSTFT frequency measurement error It can be seen from Figure 1 that the normalized mean square error of the signal frequency using DSTFT estimation is small, and the frequency error is related to the window length. The longer the DSTFT window, the higher the frequency measurement accuracy.
Summary
In this paper, we mainly study the effect of Doppler on demodulation, and study the Doppler synchronization method based on DSTFT to ensure that Doppler interference is not disturbed to the normal demodulation of the signal.
